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am	 of	 the	 opinion	 that	 owing	 to	 a	 paucity	 of	 material	 these	
investigations	 have	 begun	 with	 an	 inverted	 viewpoint.	 When	
studying	 the	manifold	 types	 of	 vegetation,	 comparing	 them	 and	
relating	them	to	each	other,	one	ought	logically	to	start	with	the	
richest	 and	 to	 derive	 from	 it	 the	 less	 complicated,	 impoverished	
types	which	have	arisen	 from	 it	 by	 selection.	The	 richest	 type	of	






These	 hotspot	 areas…total	 only	 292,000km2	 (3.5	 per	 cent)	 of	 a	
biome	 of	 8.5	million	 km2	 of	 primary	 forest	 remaining.	 But	 they	
feature	 a	 large	 proportion,	 possibly	 a	 majority,	 of	 the	 125,000	
higher	 plant	 species,	 both	 local	 endemics	 and	 wide-distribution	
species,	 that	 exist	 in	 tropical	 forests	 overall…[and	 yet	 we	 are]	
bedevilled	by	lack	of	basic	data.	We	know	all	too	little	about	the	
numbers	of	species…Endemic	species	are	extremely	vulnerable	to	
extinction	 when	 their	 localised	 habitats	 are	 deforested…The	
ecological	specialisations	of	many	tropical-forest	species,	such	as	
sensitive	 positions	 in	 complex	 food	 webs,	 leave	 them	 subject	 to	















Palaeoecology	 can	 broaden	 the	 interpretation	 of	 issues	 that	 are	
specifically	 relevant	 to	modern	 ecologists,	 e.g.,	 the	prevalence	of	
stability	 versus	 rapid	 change	 in	 ecosystems,	 the	 concept	 of	 an	
integrated	 community,	 the	 importance	 of	 disturbance	 in	
regulating	 community	 organization,	 alternative	 explanations	 of	





Neolithic	 times	 were	 the	 Danubian	 peasants	 who	 colonised	 the	
loess	of	central	Europe…clearing	small	patches	of	forest,	taking	a	
few	easy	crops,	and	passing	on	to	fresh	ground.	(Clark,	1952:	pp.	95-96)	Palynology	was	used	later	by	Ian	Simmons	(1969)	to	show	that	human	impact	upon	vegetation	did	not	begin	abruptly	with	Neolithic	forest	clearance	following	on	from	ecologically	benign	foragers,	but	rather	that	signs	of	forest	manipulation	during	the	Mesolithic	of	the	English	uplands	are	also	visible	in	pollen	records.	In	tandem,	palynology	and	archaeology	succeeded	in	uncovering	nuances	in	the	inter-relationships	between	human	and	vegetation	histories	in	temperate	Europe.	Ideas	about	tropical	rainforest	histories	have	also	evolved.	The	impact	of	the	grandeur	of	tropical	forests	upon	first-time	visitors	from	temperate	climes	led	many	Europeans	throughout	the	centuries	of	colonialism	in	the	equatorial	regions	to	perpetuate	a	view	of	rainforests	as	primeval,	ancient,	and	unchanging	(eg	Beccari,	1904;	Low	et	al.,	2002).	Botanist	Lillian	Gibbs’	perceptions	in	1909-1910	of	the	forests	of	Mount	Kinabalu	in	what	was	then	British	North	Borneo	(now	the	East	Malaysian	state	of	Sabah)	represent	the	opposite	extreme.	Foreshadowing	a	change	to	come	in	our	understanding	of	rainforest	histories,	Gibbs	wrote	in	1914	not	of	the	‘untrodden	jungle’	of	the	Victorians,	but	rather	that:	
The	 whole	 country	 with	 its	 endless	 hill	 ranges,	 ranging	 from	
3000-5000’,	 is	 covered	 with	 what	 may	 be	 called	 well-worked	
secondary	 forest…Everywhere	the	 forest	 is	very	well	worked	and	
has	been	so	for	generations…The	true	home	of	a	jungle	people	is	






time	 has	 been	 replaced	 by	 a	 dynamic	 concept	 of	 rainforests	 as	
kaleidoscopic	 mosaics	 continually	 reacting	 to	 climatic	 changes	
and	human	pressures.	Paul	Richards	(1996;	p.	xviii)	and	by	Iain	Prance,	Director	of	the	Royal	Botanic	Gardens,	Kew	at	the	time:	
Historic	 data	 from	 palynology	 have	 shown	 that	 during	 the	
Pleistocene	 and	 Holocene,	 small	 changes	 in	 temperature	 and	
		 11	
















from	 the	 vast	 elevated	 plateau	 of	 Tibet	 into	 Indochina	 and	
terminate	 in	 an	 archipelago	 of	 continental	 crust	 and	 volcanic	
islands	separated	by	small	ocean	basins:	the	Malay	Archipelago	of	
Alfred	 Russel	 Wallace	 (1869)…To	 the	 south,	 west,	 and	 east	 the	
region	 is	 surrounded	 by	 volcanic	 arcs	 where	 lithosphere	 of	 the	
Indian	 and	 Pacific	 Oceans	 is	 being	 subducted	 at	 high	 rates,	
accompanied	by	intense	seismicity	and	abundant	volcanism…The	
geology	and	palaeogeography	of	the	region	continue	to	change	in	

















151R. Hall: Southeast Asia’s changing palaeogeography
of granite magmatism, interpreted to have occurred at an 
Andean-type margin related to northward subduction, during 
the Jurassic and Cretaceous (McCourt et al. 1996). More con-
tinental fragments were added to Sundaland in the Cretaceous 
(Fig. 4). The Kuching Zone (Hutchison 2005) includes rocks 
with Cathaysian afﬁnities suggesting an origin in Asia and may 
mark a subduction margin continuing south from East Asia at 
which ophiolitic, island arc and microcontinental crustal frag-
ments were added during the Mesozoic. Southwest Borneo is 
interpreted here to be a continental block rifted from the West 
Australian margin, and added to Sundaland in the Early Cre-
taceous, at a suture that runs south from the Natuna Islands. 
After collision of this block the Cretaceous active margin ran 
from Sumatra into West Java and continued northeast through 
Southeast Borneo into West Sulawesi.
The intra-oceanic Woyla Arc collided with the Sumatran margin 
in the mid-Cretaceous adding arc and ophiolitic rocks to the 
southern margin of Sumatra (Barber et al. 2005). Further east 
the Cretaceous active margin is marked by Cretaceous high 
pressure–low temperature subduction-related metamorphic 
rocks in Central Java, the Meratus Mountains of Southeast 
Borneo and West Sulawesi (Parkinson et al. 1998). However, 
outboard of this ophiolitic zone East Java and West Sulawesi 
are underlain in part by Archean continental crust, and geo-
chemistry (Elburg et al. 2003) and zircon dating (Smyth et al. 
2007, Van Leeuwen et al. 2007) indicates this formed part of a 
block rifted from the West Australian margin.
Until recently, most authors (e.g. Metcalfe 1996) accepted that 
fragments rifted from the West Australian margin in the Late 
Jurassic and Early Cretaceous had collided in West Burma in 
the Cretaceous, or were uncertain about their present position. 
However, recent work suggests West Burma is a block that 
has been part of Southeast Asia since the Early Mesozoic, 
possibly linked to West Sumatra (Barber et al. 2005), and as 
suggested here, the West Australian fragments are to be found 
in Borneo, East Java and West Sulawesi (Fig. 5). Subduction 
at the Sundaland active margin was not continuous through 
the Late Mesozoic into the Cenozoic but ceased in the Late 
Cretaceous following collision of the East Java and West Sula-
wesi blocks (Fig. 6). Thus, at the beginning of the Cenozoic 
Sundaland is interpreted to have been an elevated continent 
due to these collisions, mainly above sea-level, and was sur-
rounded by passive margins.
CENOZOIC CHANGE
At the beginning of the Cenozoic1 the large-scale tectonic 
setting was considerably different in the west and east (Fig. 
6). West of about 100 °E India was moving rapidly northward 
and was yet to collide with Asia. India–Asia collision is widely 
considered to have begun in the Eocene, although estimates of 
the age of collision still vary widely from early to latest Eocene 
(e.g. Tapponnier et al. 1986, Peltzer & Tapponnier 1988, Rowley 
1996, Ali & Aitchison 2005, Leech et al. 2005, Aitchison et al. 
2007). India–Asia collision is often suggested to have caused 
major changes in Southeast Asia. However, in my view the con-
sequences of India–Asia collision in most parts of Sundaland 
and further east were not great (Hall et al. 2008). East of about 
100 °E I suggest there was no subduction. Australia was still far 
to the south, and although Australia–Antarctica separation had 
begun in the Cretaceous the rate and amount was small until 
the Eocene. The difference between east and west implies a 
broadly transform boundary between the Indian and Australian 
plates at about 100 °E (Fig. 6).
Only at about 45 Ma did Australia begin to move rapidly north-
wards, and this caused subduction to resume at the Sundaland 
margins. The resumption of subduction initiated an active 
margin on the south side of Sundaland forming the Sunda Arc, 























































































































Fig. 5   Inferred positions of the Late Jurassic and the Early Cretaceous Sun-
daland margin, adapted in part from Hamilton (1979), Parkinson et al. (1998) 
and Smyth et al. (2007). A suture between pre-Cretaceous Sundaland and 
the Southwest Borneo block is assumed to be present beneath the Sunda 
Shelf. Its position is uncertain. The extent and boundaries of the Cathaysian 
Luconia block are also uncertain. The youngest Cretaceous suture runs 
from Java and through the Meratus Mountains of Southeast Borneo and to 
the south and east of this is a continental fragment derived from western 





































Fig. 6   Reconstruction for the Late Cretaceous after collision of the Southwest 
Borneo block (SWB), and the later addition of the East Java (EJ) and West 
S lawesi (WS) blocks (shaded dark) which terminated subducti n beneath 
Sundaland. The inferred positions of these blocks on the West Australian 
margin in the Late Jurassic at about 155 Ma are shown by the numbered 
codes (SWB155, WS155 and EJ155). A transform or very leaky transform 
spreading centre is inferred to have separated the Indian and Australian 
Plates between 80 and 45 Ma as India moved rapidly northwards.
1 No geological reconstructions or maps are included in this paper. Detailed 
maps of reconstructions can be found in Hall (2002) and computer anima-
tions accompany that paper. 











Figure	2.7	Diagrammatic	representation	of	Crocker	Fan	deposition	in	the	late	Eocene	–	early	Oligocene.	Source:	van	Hattum	et	al.	(2013).	siliciclastic sediments were deposited in western and northernSabah in a similar deposition and climatic setting, but with dif-
ferent compositions reflecting different sources. The sandstones
of the Lower Miocene Meligan and Setap Shale of SW Sabah are
primarily a product of sedimentary recycling. The characteristics
of the quartzose sandstones are similar to those of the Upper
Cretaceous–Eocene Rajang Group and the Eocene–Lower Miocene
Crocker Fan, but are compositionally and texturally more mature.
The Crocker Fan started to supply large amounts of sediment to
the Lower Miocene basins. Local ophiolitic sources also continued
to supply sediment. The local generation of large amounts of
sediment is consistent with the ideas of Hall and Nichols (2002)
that since the start of the Neogene Borneo itself supplied most of
the material deposited in the basins on and around Borneo. The
sandstones of the Meligan and Setap Shale Formation are poten-
tially excellent hydrocarbon reservoirs, and tropical weathering
probably had a very important role in producing these highly
quartzose sandstones.
In contrast, sandstones of the Tajau Member of the Kudat
Formation are unlike any of the other Lower Miocene western
Sabah sandstones. They are proximal debris flows and storm beds,
and they are compositionally and texturally immature. The main
sources were granitic and high-grade metamorphic rocks from a
nearby area with smaller amounts of ophiolitic material. There
were no fresh plutonic or metamorphic rocks exposed in northern
Borneo during the Early Miocene. Potential metamorphic source
rocks have been described by Encarnación et al. (1995) on Palawan,
north of Kudat, where there are high-pressure subduction-related
and high-temperature sub-ophiolitic metamorphic rocks. These
rocks contain garnet, kyanite, apatite, epidote, and abundant
K-feldspar, which fits well with the detrital mineral assemblages
in the Tajau Sandstone Member. The metamorphic rocks on
Palawan experienced peak metamorphic conditions in the earliest
Oligocene in a subduction setting, followed by rapid cooling and
exhumation in the Early Miocene related to collision of the Reed
Bank and North Palawan continental fragments with northern Bor-
neo and Palawan. In the Early Miocene Palawan started to supply
sediment to northern Borneo in the Kudat area after the deep mar-
ine basin between the areas was eliminated. The mature character
of the Sikuati Member of the Kudat Formation suggests that the
Palawan source area was short-lived and recycling of the Crocker
Fan became more important from later in the Early Miocene
onwards.
10. Conclusions
The voluminous Eocene–Lower Miocene deep marine Crocker
Fan sediments were mostly derived from nearby acid plutonic
sources on Borneo, the Malay Peninsula and the Sunda Shelf, by a
drainage system different from today. Distant source areas in
mainland Asia did not play a significant role. During the Eocene
mostly Cretaceous material was deposited, probably from the
Schwaner Mountains and adjacent areas of the Sunda Shelf, and
during the Oligocene an increasing amount of material was derived
from the Permian–Triassic Tin Belt granites and its Proterozoic
metasedimentary basement. Microcontinent collisions with Bor-
neo in the Early Miocene terminated deep marine sedimentation,
and changed the drainage pattern of Borneo and nearby SE Asia.
After closure of the Proto-South China Sea and cessation of deep
marine deposition of the Crocker Fan fluvio-deltaic to shallowmar-
ine deposition occurred in basins on and around Borneo. Sand-
stones of the Lower Miocene Setap Shale and Meligan Formations
of SW Sabah were mostly recycled from sediments of the Rajang
Group and Crocker Fans on Borneo, now exposed in the main
mountain range of Borneo. A smaller amount of material was sup-
plied by local ophiolitic sources.
Fig. 10. Depositional model for the Crocker Fan during the Late Eocene, showing the main source areas and transport paths.
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cause	 of	 this	 disturbance	 is	 slash	 and	 burn	 agriculture,	 but	

















































the	 region	 took	 shape	 following	 sea-level	 rise,	 people,	 plants,	
animals,	 material	 culture,	 and	 information	 systems	 were	
entangled	 in	 pathways	 of	 movement	 and	 exchange	 that	 linked	
foragers	and	vegeculturalists	in	ISEA	and	Melanesia	(New	Guinea	
and	 the	 Bismarck	 Archipelago)	 with	 forager-farmers	 on	 the	












































































































































































• How	do	these	changes	relate	to	current	understandings	of	the	histories	of	foraging	and	farming	across	Southeast	Asia?	The	initial	few	months	of	this	research	were	spent	assessing	the	progress	and	current	status	of	various	facets	of	the	Cultured	Rainforest	(CRF)	project,	namely	where	there	might	be	scope	to	carve	out	an	associated	PhD	project	structured	around	a	palaeoenvironmental	and	archaeobotanical	focus.	From this 
initial assessment, it became clear that there was in fact less remaining scope than had 
originally been envisioned on the CRF project. Much related palaeoecological work 
was already completed as part of Samantha Jones’ PhD (2012) at Queens University 
Belfast (QUB), and pilot studies of CRF excavation sediments yielded little in the 
way of macroscopic archaeobotanical remains. The options then became: to shift 
gears and focus on an a phytolith-based archaeobotanical approach and questions 
pertaining directly to past subsistence; or, to widen the geographical gaze and 
continue to pursue questions relating to Holocene human-environment interactions. 
The opportunity to do the latter was facilitated by Graeme Barker who arranged for 
me to join Victor Paz and Helen Lewis’ ongoing work at Ille Cave in northern 
Palawan in the western Philippines. Both Victor and Helen had completed their 
respective PhDs within the Department of Archaeology at the University of 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Depth	(cm)	 14C	age	 2-σ	Calibrated	 Material	 Reference	
20-19	 8520±30	BP	 9540-9485	cal	BP	 Fine	organics	 Beta-396778	


























































































































































































































Site	Name	 Elevation	 Physiography	 Land	use	 Important	taxa	








































Open	Grassland	3	 20m	 Plain	 Swidden	 Refer	to	Open	Grassland1	































































Open	Grassland	2	 37m	 Plain	 Swidden	 Refer	to	Open	Grassland1	






















































































































Depth	(cm)	 14C	yr	BP	 2-σ	Calibrated	 Material	 Reference	
19-20	 140±30	 285-0	cal	BP	 Plant	fragments	 Beta-399191	
213-214	 2682±26	 2844-2752	cal	BP	 Bulk	sediment	 UBA-27250	





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Accession	number	 Context	/	Depth	(cm)	 Description	IV-2007-Q-2167	 c.	446	 West	wall	(sample	1)	IV-2007-Q-2168	 c.	446	 West	wall	(sample	2)	IV-2007-Q-2169	 c.	447	 Top	of	context	IV-2007-Q-2170	 c.	447	 Middle	of	context	IV-2007-Q-2171	 c.	447	 Bottom	of	context	IV-2007	Q-2172	 Surface	(223	cm	bDP)	 Column	sample	IV-2007-Q-2173	 243	cm	bDP	 Column	sample	IV-2007-Q-2174	 263	cm	bDP	 Column	sample	IV-2007-Q-2175	 283	cm	bDP	 Column	sample	IV-2007-Q-2176	 303	cm	bDP	 Column	sample	IV-2007-Q-2177	 323	cm	bDP	 Column	sample	IV-2007-Q-2178	 343	cm	bDP	 Column	sample	IV-2007-Q-2179	 363	cm	bDP	 Column	sample	IV-2007-Q-2180	 383	cm	bDP	 Column	sample	IV-2007-Q-2181	 403	cm	bDP	 Column	sample	IV-2007-Q-2182	 c.	50,	under	rock	 Sample	by	context	IV-2007-Q-2183	 c.	51	 Sample	by	context	
		386	
IV-2007-Q-2184	 c.	64	 Sample	by	context	IV-2007-Q-2185	 c.	68	 Sample	by	context	IV-2007-Q-2186	 c.	76	 Sample	by	context	IV-2007-Q-2187	 c.	339	 Sample	by	context	IV-2007-Q-2188	 c.	412	 Sample	by	context	IV-2007-Q-2189	 c.	414	 Sample	by	context	IV-2007-Q-2190	 c.	416,	feature	 Sample	by	context	IV-2007-Q-2191	 c.	428	 Sample	by	context	IV-2007-Q-2192	 c.	438	 Sample	by	context	IV-2007-Q-2193	 c.	441,	surface	 Sample	by	context	IV-2007-Q-2194	 c.	444,	North	–	bottom1	 Sample	by	context	IV-2007-Q-2195	 c.	444,	North	–	top	 Sample	by	context	IV-2007-Q-2196	 c.	444,	Mid	–	top	 Sample	by	context	IV-2007-Q-2197	 c.	444,	North	–	bottom2	 Sample	by	context	IV-2007-Q-2198	 c.	444,	South	–	bottom	 14C	sample	IV-2007-Q-2165	 c.	446,	404	cm	bDP	 14C	sample	IV-2007-Q-2166	 c.	446,	405	cm	bDP	 14C	sample		
East	Chamber	sample		I	took	one	environmental	sample	from	the	north	wall	profile	of	the	East	Chamber	Trench	within	context	2161	where	Archie	found	a	few	lithic	flakes	and	a	core.	Archie	was	excited	for	me	to	have	a	look	at	phytoliths	from	this	sample	in	order	to	see	if	there	is	any	evidence	of	hafting	or	plant	processing	associated	with	the	lithics.	This	sample	comes	from	a	depth	of	148-154	cm	below	the	site	datum	point.	I	have	accessioned	this	sample	as	IV-1998-P-48682.	
		 387	
Core	from	catchment	to	the	north	of	Dewil	Valley		After	failing	to	locate	suitable	pollen	coring	sites	within	the	Dewil	Valley	itself,	Emil	and	I	expanded	our	search	to	neighbouring	catchments.	As	mentioned	above,	we	cored	a	marsh	in	the	Kagbanaba	River	sub-catchment	to	the	south.	Additionally,	Jojo	told	Emil	of	a	“peaty”	deposit	in	the	catchment	to	the	north	of	the	Dewil	Valley,	which	Emil	augered	a	few	days	later.	According	to	Emil,	there	are	2+	m	of	organic	deposits	within	a	large	patch	of	aquatic	and	mangrove	vegetation	surrounding	a	hot	spring.	I	plan	to	core	this	site	with	a	Russian	(D-section)	corer	on	29	April	when	we	are	in	Calitang.	Emil	has	arranged	to	have	Bunso	take	me	from	Calitang	to	the	site	on	a	trike	on	the	29th.			
		388	
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Appendix	3	-	Palawan-relevant	pollen	images	
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Appendix	4	–	Bandong	(2013)	report	
*Scanned,	verbatim	reproduction	of	text	only	portion	of	report;	complete	species	
list	with	IPNI-accepted	spelling	and	nomenclature	appears	in	Appendix	1	
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